Abstract. Urea derivatives have been widely used in biology and medicine. The substituted urea derivative URD12 introduced in this study exhibits cytotoxic activity against the K562 human leukemia and KB human mouth epidermal carcinoma cell lines. To further study the bioactivity of URD12 and examine its feasibility as a new antitumor drug, we applied in vivo and in vitro assays to investigate the antitumor activity of URD12. URD12 was prepared and its cytotoxicity was evaluated using the BGC-823 human gastric carcinoma, MGC-803 human gastric carcinoma, SMMC-7721 human hepatoma and HepG2 human hepatocellular carcinoma cell lines using MTT assays. Antitumor activity in vivo was confirmed in mice bearing H22 hepatocellular carcinoma cells. Organ coefficient was used to further elucidate the cytotoxic mechanisms of URD12. URD12 inhibited the growth of tested tumor cell lines in vitro and the growth of H22 mouse hepatocellular carcinoma in vivo with no effects on the weight, spleen and thymus coefficient of tumor-bearing mice. In conclusion, our findings indicate that URD12 is an effective antitumor agent without evident immunosuppression effects.
Introduction
Urea is a well-known, widely occurring natural product. Its derivatives have been studied for their biological activities including anti-atherosclerotic, antibiotic (1) and hypoglycemic effects (2) and antitumor activities (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
We have extensively studied urea and its derivatives. Among a series of substituted urea derivatives that we have synthesized, URD12 ( Fig. 1 ) exhibits marked antitumor activity. With a morpholine ring, URD12 exhibits significant cytotoxic activity against the K562 human leukemia and KB human mouth epidermal carcinoma cell lines (13) . To further investigate the bioactivity of URD12, we designed in vivo and in vitro experiments to examine its antitumor activity.
Materials and methods
Animals and cell lines. Male ICR mice (6 weeks old, 20±2 g) were obtained from the Experimental Animal Center of Nanjing University of Chinese Medicine. The animals were kept in groups of 6 per cage in a temperature-controlled room at 20±2˚C. The mice were fed with a standard pellet diet and given free access to tap water. All studies involving mice (including tumor cell inoculation and tumor weighing) were approved by the Institute's Animal Care and Use Committee.
The BGC-823 human gastric carcinoma, SMMC-7721 human hepatoma carcinoma, HepG2 human hepatocellular carcinoma and H22 mouse hepatocellular carcinoma cell lines were obtained from Professor Lu's laboratory (Nanjing University of Chinese Medicine) and cultured in RPMI-1640 with 10% fetal bovine serum, 100 U/ ml streptomycin and penicillin.
Preparation of URD12. Anhydrous DMF (40 mmol) and SOCl 2 (0.10 mol) were added to anhydrous CH 2 Cl 2 (15 ml) and the resultant solution was stirred at reflux (approximately 70˚C) for 4 h. After cooling down, the excess SOCl 2 was evaporated under reduced pressure and the residue was dissolved in CH 2 Cl 2 (15 ml) and anhydrous pyridine (4 ml). A solution of N-2-aminoethylmorphorine (40 mmol) in anhydrous CH 2 Cl 2 was then added and the mixture was stirred at 50-60˚C for 5 h before being poured into ice-water (20 ml). The layers were separated and the aqueous layer was extracted with AcOEt (2x10 ml). The combined organic layer was washed with saturated aqueous NaHCO 3 solution, dried over Na 2 SO 4 for half an hour and concentrated under vacuum. The residue was purified by column chromatography (SiO 2 ; AcOEt/petroleum ether 1:2-2:1). The purified product URD12, obtained in 53% yield, was identified by NMR, MS and elemental analysis.
MTT cell proliferation assay. The MTT assay was performed to determine the cytotoxicity based on the previously described method with minor modifications (14 2 College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing, P.R. China 20 µl of 5 mg/ ml MTT solution (dissolved in PBS and sterilized by filtration) were added to each well and the cultures were incubated in the dark for 4 h at 37˚C in a humidified environment with 5% CO 2 . The culture medium was removed from the wells and replaced with 150 µl of dimethyl sulfoxide (DMSO). Following agitation for 10 min, the absorbance of each well was measured at 490 nm using a Spectra Max 190 plate reader (Molecular Devices, Sunnyvale, CA, USA). The cell inhibition rate was calculated using the formula: cell inhibition rate = (1-(absorbance of experimental wells)/(absorbance of control wells) x100%. The assays were performed at least three times in quadruplicates to determine the IC 50 value. The IC 50 value was calculated from the indicated concentrations using the method described by Bliss (15) . (16) (17) . Animals were divided into 5 groups (n=12 per group). Under sterile conditions, the animals were injected subcutaneously in the right forelimb with 1x10 6 H22 hepatocellular carcinoma cells in sterile physiological saline (aspirated from 7-day-old H22 ascites tumors in mice) at 0.2 ml/mouse. After 24 h of tumor inoculation, URD12 (25, 50 or 100 mg/kg) was dissolved in 5% DMSO and administered intraperitoneally for 10 days in mice transplanted with H22 tumor cells. 5-Fluorouracil (5-FU) (25 mg/ kg) was used as a positive control. The negative control was injected with 5% DMSO. On the 11th day, blood samples were drawn from orbit to separate serum. The samples were maintained at -80˚C in preparation for the tests for TNF-α and IL-2 (R&D ELISA Kit, R&D Systems, Minneapolis, MN USA). The animals were then sacrificed. Tumors, thymus and spleen were extirpated and weighed. The inhibition ratio (%) was calculated using the formula: inhibition ratio (%) = (C-T)/C x100%, where 'T' and 'C' are the average tumor weights of the treated and control groups, respectively. Organ coefficient = organ weight/ body weight x100%.
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Statistical analysis.
Results were expressed as the mean ± SE. Statistical analysis was performed using the Student's t-test. Differences were considered significant if P<0.05.
Results
Inhibition of cell proliferation by URD12 treatment. It was found that URD12 was an effective anti-proliferative agent. Exposure to URD12 for 48 h inhibited tumor cell growth in all four lines tested (Fig. 2) .
Proliferation/survival was assessed using the MTT assay. MTT is a pale yellow substrate that can be cleaved by living cells to yield a dark blue formazan product. This colorimetric change reflects the proliferation/survival of viable cells. IC 50 concentrations varied from approximately 0.456 mmol/ l for SMMC-7721 to 1.437 mmol/ l for MGC-803.
In vivo antitumor activity. URD12 significantly suppressed growth of the H22 tumor, and URD12 was more effective at 100 mg/kg than at lower doses. Significant differences were observed between the treatment and control groups (Fig. 3A) . In addition, a marked decrease in body weight was observed in the 5-FU-treated group compared with the control group, whereas no decrease was observed in the URD12-treated groups (Table I ). This finding indicates that URD12 may be a promising antitumor agent with low toxicity.
No. of animals Body weight (g) Groups ----------------------------------------------Dose ---------------------------------------------------------
To evaluate the possible toxicological effects of URD12 on mouse organs, we extirpated the spleen and thymus and weighed them after the mice had been sacrificed. The organs were then analyzed for gross anatomy. No significant changes in organ weight were observed in animals treated with URD12, whereas 5-FU treatment reduced the body weight and spleen and thymus coefficients compared with the control group (Fig. 3B) . The serum levels of TNF-α and IL-2 in the 5-FU group were low, and URD12 treatment groups exhibited no marked change (Fig. 3C and D) .
Since Mosmann used a tetrazolium salt to develop a quantitative colorimetric assay for detecting mammalian cell survival and proliferation, this method has been used widely (18) . The main advantages of the colorimetric assay are its rapidity, precision and lack of any radioisotope. We used the MTT assay to detect the activity of URD12 on tumor cells. Our results revealed that URD12 inhibited the growth of the four tumor cell lines investigated.
Discussion
Studies have shown that when the body generates a certain volume of tumor cells, anti-tumor immune response develops.
As a result, cancer patients experience more favorable outcomes in the early or catabatic stage of tumor progression, and following surgery. However, when the tumor progresses to a certain extent, the majority of patients undergo immune inhibition due to a variety of immune substances secreted by the tumor, and tumor patients suffer from collapse of immune systems including abnormal growth of spleen and shrinking of thymus. With the development of immunology and molecular biology, it has generally been accepted that the immunity of the body is closely correlated to the generation and development of cancer, and that dysfunction of the immune system is a crucial factor leading to cancer. When tumor cells invade the body, the immune system responds to the outside antigens. However, with the growth of the tumor, immune functions of the body are inhibited by the tumor in a variety of ways. The compensative outward-transfer of mature and nearly mature lymphocytes in the thymus and certain active factors generated in the tumor lead to the shrinking of the thymus. In addition, the inhibitory substances released by the tumor and the tumor-distinctive inhibitors produced by induction of the body result in an abnormal increase of the spleen index in tumor-bearing mice.
H22 cells are mouse hepatocarcinoma cells and are generally used for tumor research and drug screening (19) . The immune organ coefficient is an index with which to initially judge the body's immune function. The thymus and spleen are essential immune organs. The main function of the thymus is to generate lymphocytes and to secrete thymosin, which is 
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mainly associated with cell immunity. B lymphocytes play a more significant role in the spleen in that they are closely correlated to body fluid immunity. The above-mentioned experiments revealed that the spleen index increased abnormally and the thymus shrank in tumor-bearing mice. Since the antitumor effect of URD12 was more marked on hepatoma than on gastric carcinoma, an antitumor evaluation in vivo was carried out. The results showed that when treated with URD12, mouse immune organs were not inhibited, and their body weight did not markedly decrease. Compared with 5-FU, the antitumor activity of URD12 was weak, but it had substantially less toxicity. A major complication of chemotherapy is toxicity to normal cells, which is due to the lack of specificity of drug actions between normal and malignant cells. This event often impacts the efficacy of the treatment and even leads to treatment failure in certain patients. One of the requirements of cancer chemopreventive agents is effective clearance of damaged or malignant cells through cell cycle inhibition or induction of apoptosis without, or with less, toxicity to normal cells (20) (21) . Our data indicate that URD12, a urea derivative bearing a morpholine moiety for enhanced bioactivity, exhibits marked antitumor activity without obvious immune inhibition.
